A woman presenting with levodopa responsive Parkinsonism developed rapidly progressive bulbar signs, quadriparesis, and upper and lower motor neurone signs. At necropsy, she was found to have three pathological diagnoses: amyotrophic lateral sclerosis, Parkinson's disease, and abundant tau-positive argyrophilic neuritic pathology, known as argyrophilic grain disease. This case raises the possibility that three distinct neuropathological diagnoses share a common aetiology. P arkinson's disease, amyotrophic lateral sclerosis (ALS), and argyrophilic grain disease (AGD) are generally viewed as distinct clinicopathological entities. Outside specific geographical regions such as the island of Guam 1 and the Kii peninsula of Japan, 2 the combination of ALS and Parkinson's disease is highly unusual. Furthermore, western Pacific parkinsonism-dementia complex/ALS (PDC-ALS) is pathologically distinct from common Parkinson's disease and ALS because of the abundance of Alzheimer-type neurofibrillary tangles. 1 In the western world, the rare cases of ALS with nigral degeneration that have been reported are referred to as ALS-plus. 3 Combinations of neurodegenerative disorders reported include progressive supranuclear palsy (PSP) and Parkinson's disease, 4 PSP and multiple system atrophy (MSA), 5 ALS and the cerebellar form of MSA, 6 and the combination of Alzheimer's disease, Parkinson's disease, ALS, and diffuse Lewy bodies in a single patient. 7 Bearing in mind that many such cases go unreported, it is tempting to believe that the co-occurrence of multiple neurodegenerative disorders is more frequent than would be expected by chance.
We report the case of a patient who presented with clinical features of both Parkinson's disease and amyotrophy. At necropsy, the patient was found to have the hallmark pathological features of three distinct neurodegenerative disorders marked by tau, a-synuclein, and ubiquitin inclusions. We will review the clinical and pathological features of her case and briefly discuss the common underlying mechanisms of inclusion formation and protein aggregation.
CASE HISTORY
A 61 year old Irish American woman presented with a two year history of rest tremor affecting the right leg. Previous medical history was unremarkable. Family history was notable for a maternal grandmother with Parkinson's disease. She was diagnosed with Parkinson's disease and treated initially with selegiline. Levodopa was added six months later with good response. Three years later, a dopamine agonist was added to control motor fluctuations.
She was first seen at our centre five years after diagnosis for evaluation of Parkinson's disease with motor complications. On examination, she had mild hypophonic dysarthria, facial masking, and moderate parkinsonism with preserved postural reflexes and moderate dyskinesias. No pyramidal signs or cognitive impairment were noted.
Over the next six months, she developed progressive dysarthria, dysphonia, and dysphagia requiring gastrostomy. She also developed difficulty with balance and a waning benefit from dopaminergic drug treatment. Follow up examination showed slowed tongue movements without fasciculations and a combination of spasticity, bilateral Babinski signs, and generalised muscle atrophy. Though she required an augmentative communication device, she had no evidence of cognitive impairment. Electromyography and nerve conduction studies showed no evidence of active or ongoing denervation. Brain magnetic resonance imaging showed scattered non-specific small foci of white matter hyperintensity.
Over the course of the next year, she became bed-bound, rigid, and quadriparetic. Fasciculations were noted in both arms. In the final year of her life, she was unable to communicate except through voluntary eye movements, but did not appear demented. She died from cardiopulmonary arrest eight years after the onset of her initial symptoms.
Pathology
Gross neuropathological examination revealed a symmetrical brain without significant atrophy (weight 1332 g). Horizontal sections through the brain stem showed moderate depigmentation of the substantia nigra and locus coeruleus ( fig 1A) . In addition, the ventral roots of the spinal cord were moderately atrophic.
Microscopic examination revealed an unusual constellation of findings (table 1). In the spinal cord, there was loss of motor neurones in the anterior horn, brain stem, and motor cortex ( fig 1D) associated with long tract degeneration and myelin loss in both the lateral and anterior corticospinal tracts ( fig 1B) . Many surviving motor neurones contained eosinophilic inclusions ( fig 1G) which were reactive to antiubiquitin antibodies (fig 1H) but non-reactive to tau and a-synuclein, peripherin, ab-crystallin, and a-internexin antibodies. Immunohistochemistry with a panel of antibodies to low, medium, and high molecular weight neurofilament proteins revealed abundant spheroids (data not shown).
In the substantia nigra and locus coeruleus there was profound neurone loss with gliosis and occasional eosinophilic hyalinised inclusions. Immunohistochemistry with antibodies to a-synuclein revealed abundant Lewy bodies and neurites throughout the brain stem including the substantia nigra, locus coeruleus, and dorsal motor nucleus of the vagus ( fig 1F) . Lewy bodies were also identified in the striatum and limbic structures, notably the amygdala and the cingulate gyrus.
Abbreviations: AGD, argyrophilic grain disease; ALS, amyotrophic lateral sclerosis; DLB, dementia with Lewy bodies; MSA, multiple system atrophy; PSP, progressive supranuclear palsy In addition, there was abundant tau-positive argyrophilic grain pathology throughout the limbic system including the hippocampal formation, entorhinal cortex, and amygdala (fig 1, C and E). Consistent with published reports, the grain pathology stained robustly with Gallyas silver stain and tau antibodies, but only a small fraction of the pathology was detected with thioflavin S staining. 8 As in previous reports, argyrophilic grains were immunoreactive with a panel of phosphorylation dependent tau antibodies including AT270 (pThr181), AT8 (pSer202/Thr205), AT10 (pThr212/Ser214) ( fig 1E) , PHF6 (pThr231), and PHF1 (pSer396/Ser404) ( fig 1C) , while non-reactive with 12E8 (pSer262). 10 There was only mild neuronal and glial tau pathology throughout the remainder of the neocortex, basal ganglia, and brain stem (Braak grade II). Lastly, neither neuritic plaques nor diffuse plaques were detected with either thioflavin S staining or bamyloid immunohistochemistry.
DISCUSSION
The clinical history reflects the two distinct entities of levodopa responsive parkinsonism and amyotrophy. Differentiating this case from cases of ALS-plus is the fact that parkinsonism associated with this group of disorders is not typically responsive to levodopa. 3 After developing features atypical for Parkinson's disease, additional diagnostic considerations included MSA and concurrent ALS. Necropsy examination showed pathological evidence of Parkinson's disease, ALS, and AGD, explaining the complexity of the clinical presentation. Detailed immunohistochemical analysis further confirmed our diagnoses.
AGD was initially described as a novel neuropathological entity in 1987 in a necropsy series of dementia cases. 11 Argyrophilic grains were so named because of their minute spindle and comma shaped morphology and the characteristic recognition by silver staining techniques, such as Bielchowsky, Gallyas, and Bodian preparations. 11 Immunohistochemistry has revealed that they consist of pathological tau aggregates, relating the disorder to Alzheimer's disease, Pick's disease, corticobasal ganglionic degeneration, and progressive supranuclear palsy.
Biochemically, AGD shows strong similarities to corticobasal ganglionic degeneration and progressive supranuclear palsy. As in other tauopathies, the aggregated tau protein is heavily phosphorylated at multiple serine and threonine residues. 10 11 In the central nervous system six tau isoforms are produced by alternative splicing of exons 2 and 3 in the amino-terminus of the molecule and exon 10 in the carboxyterminus. 12 The alternative splicing of exon 10 results in either three or four microtubule binding motifs (3R-tau and 4R-tau, respectively). Similar to progressive supranuclear palsy and corticobasal ganglionic degeneration, western blots of insoluble tau fractions consistently show two distinct phospho-tau bands at 64 and 69 kDa and one minor band at 74 kDa, all detected by antibodies to the second microtubule binding repeat (that is, 4R-tau). 13 Upon dephosphorylation, insoluble tau co-migrates with 4R-tau isoforms. 14 This contrasts with the typical pattern seen in Alzheimer's disease and Pick's disease, in which insoluble tau is composed of approximately equimolar quantities of both 3R-tau and 4R-tau. 12 In one recent report both insoluble 3R-tau and 4R-tau were demonstrated in a subset of AGD brains. 15 In addition to frank dementia which is reported in 12-50% of patients with a diagnosis of AGD, mild cognitive impairment, personality changes, and advancing age have also been associated with this condition. [16] [17] [18] In demented individuals with concomitant Alzheimer's disease pathology, AGD is typically associated with milder Braak (I-III) staging and often lack other pathologies associated with dementia. 18 The prevalence in unselected necropsy series of approximately 5%
18 is similar to results obtained from series of dementia cases. 19 AGD is found in significantly higher proportions in neurodegenerative series, ranging from 33% to 40%. 17 Other neurodegenerative disorders associated with AGD include dementia with Lewy bodies (DLB) and MSA. Although rare cases of AGD combined with Parkinson's disease 18 20 21 and motor neurone disease 17 have been encountered, the combination of the three pathologies in a single case has not yet been reported.
Although the conventional teaching is that neurodegenerative diseases are clinically and pathologically distinct, recent advances in molecular biology have blurred the boundaries between many of these disorders. The cooccurrence of tau and a-synuclein inclusions is well recognised in MSA, DLB, combined Parkinson's disease and Alzheimer's disease, and the so called Lewy body variant of Alzheimer's disease. Pathological forms of both proteins have been recognised in typical Lewy bodies, 6 in Guamanian Parkinsonism-dementia complex cases, 22 and in members of the Contursi kindred who suffer from rare familial Parkinson's disease related to a missense mutation in the a-synuclein gene. 23 Moreover, recent studies suggest that in vitro tau fibrillisation is initiated by and dependent upon the presence of a-synuclein. 24 Dysfunction of the ubiquitin-proteasomal degradation system has increasingly been implicated in the process of neuronal degeneration and pathological protein aggregation. 25 Both tau and synuclein fibrillisation occur as a reaction to oxidative stress or nitration. 26 At a certain threshold, proteasomal function in susceptible cell populations-such as motor neurones or nigral dopaminergic neurones-may be overwhelmed, leading to decreased protein turnover and pathological aggregation. This idea is further supported by the finding that ubiquitinated and nitrated protein aggregates occur as a direct result of proteasomal inhibition. 27 Whether or not the cellular inclusions are truly pathogenic or represent markers of neurodegeneration remains debatable. Nevertheless, the investigation of protein aggregates will certainly help to clarify mechanisms of neurodegeneration and may soon converge on a common pathogenic process. The co-occurrence of multiple neurodegenerative pathologies and inclusion types in our patient and other similar cases further suggest that these processes may share a common underlying aetiology. 
